because if time is allocated in an optimal fashion, then the wage rate will equal the per unit cost of time, at least for internal solutions, and wage rates are easily found. The main difficulty is the second component -the quantity of time in food preparation in the home. Contrary to many countries, the United States historically has not collected data on time allocations so there has been no way to obtain estimates of the quantity of time spent in food preparation. However, with the debut of the Bureau of Labor Statistics' (BLS) 2004 American Time Use Survey (ATUS) data, there is now time diary data available for the United States and this data includes time spent in food preparation.
From this data the time cost of food preparation at home can be estimated.
While the obesity argument provides a significant motivation for understanding food preparation cost at home, the seminal work of Vickery (1977) indicates that a minimum poverty threshold is affected not only by income poverty but also 'time poverty.' Consequently, the efficacy of food assistance programs that ignore time inputs will be diminished. For example, Food Stamp allocations are based on the Thrifty Food Plan (TFP) and the TFP "serves as a national standard for a nutritious diet at a minimal cost and is used as the basis for food stamp allotments…. Each TFP market basket identifies the type and quantity of foods that people in specific age-gender groups could consume at home to achieve a healthful diet that meets dietary standards." (USDA\Center for Nutrition Policy and Promotion (CNPP) 1999 p. ii).
However, there has been some evidence that more nutritious diets may be more expensive than less nutritious diets (Basiotis and Lino 2000 The purpose of this article is to estimate the time cost spent in food preparation at home using the ATUS data and the well established opportunity cost approach and market substitute approach (Gronau 1986 ). Estimates are provided by gender and three time allocation categories: working only at home, working at home and in the market, and working only in the market. Attention focuses on using these estimates in conjunction with some supplemental data to estimate the percentage of total food cost at home attributable to time for three demographic profiles of interest: (i) the general population, (ii) a typical FS participant, and (iii) a typical FS participant following the Thrifty Food Plan. The analysis reveals that in general time input cost constitutes a sizable amount of total food at home cost for the general population, and the FS participant has a higher percentage of time cost in food production than the general population. This in turn implies the efficacy of the FS program is being diminished by this ignored time cost.
The paper proceeds as follows. The next section gives a brief review of the related literature on the demand for FAFH and pre-prepared foods but points out that this literature does not estimate the time cost of food preparation at home. The following section gives a summary of the underlying theory and empirical framework. In the empirical section that follows, we estimate simultaneously the marginal product function for home production along with a market wage rate equation. The results for three demographic profiles are then discussed followed by conclusions, caveats, and areas of future research.
Relationship with Related Literature
Though there are no direct estimates of the time cost of food at home production, there is a substantial related literature investigating the relationship between expenditures on various convenience food measures and various opportunity cost of time measures.
1 In general, several authors have found that there is a positive association between the consumption of convenience food, as measured by food away from home (FAFH) or preprepared food expenditures, and the opportunity cost of time, whether measured by the market wage rate, or some positively correlated variable, such as labor income, hours worked, or employment status (see e.g., Byrne, Capps, and Saha 1996; McCracken, and Brandt 1987; Nayga 1998; Nayga and Capps 1992; Prochaska and Schrimper 1973; Redman 1980 ;).
1 The terms 'food at home production' and 'food production' are used interchangeably and represent food preparation and cleanup at home.
The common element underlying these studies and the present study is the theoretical framework of household production and the optimal allocation of time (Becker 1965 , Gronau 1986 . In this theory, the 'full price' of a good is not just the observable market price, but the market price plus the time cost of home production. While the increasing consumption of convenience food (i.e. FAFH or pre-prepared foods) may be associated with increasing opportunity cost of time, this does not imply that the time cost of food preparation at home has increased. The cost of time spent in a household production activity (C H ), such as a meal, is equal to the opportunity cost of time or shadow wage (s) times the amount of time spent in the home production activity (T H ), which is a function of s, or C H = s × T H (s). Because of the inverse relationship between s and T H , the cost of time spent in a household production activity may increase or decrease with an increase in s. As Prochaska and Schrimper (1973) point out, the home meal production time may decrease due to the increasing availability of time-saving foods and home cooking equipment. So while there is evidence that FAFH and pre-prepared food consumption has increased with the opportunity cost of time s, this relationship really does not tell anything about the time input cost of food preparation at home C H .
Theoretical and Empirical Framework Overview
The theoretical and empirical framework for estimating and valuing non-market wage rates is well established in the labor market literature and is only briefly reviewed here (see Gronau 1986 Gronau , 1997 for a more extensive review). The literature has generally pursued two approaches: (i) the market substitute approach and (ii) the opportunity cost approach. The market substitute approach prices the home activity at the rate at which it is priced in the market. For example, the dollar value of an hour in food preparation at home would be set equal to the hourly wage rate of a food preparer in the food sector.
The opportunity cost approach estimates the opportunity cost associated with the nonmarket activity. This method is based on exploiting the structure of the individual's time allocation problem and estimating the individual's marginal product or shadow wage, which represents the individual's opportunity cost of time. In this study we will present estimates from both approaches. Given the market substitute approach just requires collecting a market wage rate for food production, attention in this section focuses on the theory and empirics of the opportunity cost method.
The theoretical model of Kiker and de Oliveira (1990 KO) is chosen to represent the household decision and is based on the standard theoretical model discussed in Gronau (1986) . This is a relatively simple model and is chosen because the model matches well with the data that is available. Data limitations prevent the consideration of a more complex model and these limitations and possible implications will be discussed.
The individual is assumed to possess a well-behaved utility function
where X and L denote consumption goods (or services) and leisure (or consumption time). Home produced goods X H are produced by the production function
where T H is time allocated to home production and Z is a vector of determinants of productivity in X H . Market consumption, X M , is 'produced' by the function or budget
with w being the market wage rate, T M being the amount of time allocated to the market good acquisition, and v non-market income. Total consumption is then the sum of (2) and ( As KO discuss, the first generation of empirical models were not based on any formal optimization model and only considered interior solutions (i.e., employed individuals). The second generation of models, ushered in by Heckman (1974) , made two contributions. First, they were guided by a well-structured optimization model as described above. Second, they recognized that within such a framework there is valuable information in the corner solution where individuals do not work and that ignoring this information leads to a sample selectivity bias problem. The standard second generation of models proceeds by specifying functions to correspond to the first order condition represented by (6) and then working through the implications of the non-market participation corner solution. The contribution of KO was to note that just as labor market participation or non-participation provided information to be exploited in estimation, household production participation and non-participation alternatively provide information that can be exploited.
The empirical analysis begins by specifying functions for equation (6) . Following the literature and KO, the market wage rate is written as where Z i is a vector of individual marginal product determinants and δ is an unknown parameter vector. The unknown parameter γ allows for variable returns to scale in time spent in household production and ε 2i is a random error.
Though the left-hand side of equation (8) is unobserved, the parameters of (8) can still be estimated by exploiting the structure of the optimization solution; in particular the corner solutions. To see this, define the latent variable, T Hi = T -L, T Mi = 0 and the desired latent variable must be
. This solution characterizes the upper censoring sample of individuals that work in the home, but not in the market. Let this be Group H, for home.
The joint distribution function characterizing these three groups then has three components. Let F(⋅) denote the cumulative distribution function for (ε 1 -ε 2 ). For Group M, the lower limit is characterized by ( 0 )
, for Group B the joint distribution is , and for Group H, the upper limit
These three components imply the joint likelihood function can be written as
, , and γ β where σ σ σ denote the variances and covariance of ε 1 and ε 2 , respectively.
Assuming ε 1 and ε 2 are jointly normally distributed, maximum likelihood estimation can be applied to the likelihood function to simultaneously take into account the censoring and endogeneity of home production returns and time allocation. 4 The model will be estimated separately for males and females.
American Time Use Survey and Summary Statistics
This section summarizes the ATUS and provides summary statistics of the variables used in the analysis.
A Summary of the ATUS
The ATUS data collection began in January 2003 During the time diary interview, respondents report sequentially activities they did between 4 a.m. on the day before the interview ("yesterday") until 4 a.m. on the day of the interview. Respondents are asked how long each activity lasted. If respondents report doing more than one activity at a time, they are asked to identify which one was the "main" (primary) activity. If none can be identified, it is assumed to be the first one mentioned. A 3-tier coding system consists of 17 broad activity categories, each with multiple second-and third-tier subcategories. Primary activity descriptions are assigned a single 6-digit code (third tier) using the ATUS Coding Lexicon. There are a total of 438 distinct categories in the 2003 ATUS Coding Lexicon. In this study the first tier code, 02
Household Activities, is considered along with the second-tier code 0202, Food and Drink Preparation, Presentation and Clean-up.
This data represents a significant step forward for conducting time allocation analysis.
Most analysis prior to the ATUS has been based on very crude measures of time at home derived from work time data or from questionnaires about average time use in various categories. The ATUS data provides much more accurate measures of these activities.
However, while these data are a significant improvement, the data are still not ideal and three obvious limitations should be mentioned. First, time use data are only collected from one individual in the household so spousal or other family member time spillover
can not be directly captured. Excluding this variable in the analysis means that the results may be picking up spillover effects as well. That is, if spillover effects are correlated with the time the "designated person" spent in home production, then the coefficient on time in household production will not be a "pure scale effect" but will also include spillover effects as well. Depending on whether the spousal spillover is a substitute or complement in household production will determine the direction of the bias and it is not clear a priori whether spousal time is a substitute or complement (Leeds and von Allmen 2004) . Second, the "designated person" is not necessarily the person who does the food preparation in the home. In this case it would be expected that the reported food preparation time is an underestimate. However, the effect this will have on the marginal product estimate is unclear. One would expect the marginal productivity of the person who prepares the meals would be higher than the person who does not prepare the meals over the relevant time range. Assuming both marginal products are declining in time, if the meal preparer spends more time on meal preparation than the non-meal preparer, then a simple graph reveals that their marginal products could be the same or the marginal product of the meal preparer could be less than the non-meal preparer. Third, household production is obviously affected not only by labor inputs but other inputs and the ATUS does not collect data on other inputs. This has been an ongoing problem for valuing nonlabor time (see Gronau 1980) and as in the first two cases it is difficult to determine the directional impact this will have on the estimated marginal product a priori.
Variable Definitions and Summary Statistics
The data used in this analysis is for 2003 and the variables were selected based on available data and guided by the existing literature (e.g., Kiker and Oliveira 1990) . The variables, their definitions, and units are listed in table 1. Variables that enter the market wage equation (7) are denoted by ys and variables that enter the marginal product equation (8) are denoted by zs. Several of the variables are common to both the market wage equation (7) and the marginal product equation (8). These common variables are education level (y 1 to y 4 ), age (y 5 ), age squared (y 6 ), and metropolitan area (y 7 ).
The education variables (y 1 to y 4 ) are expected to be positively related to the market wage and the marginal product value. Age (y 5 and y 6 ) is expected to be positively related to the market wage and the marginal product value but at a decreasing rate (i.e., y 5 coefficient would be positive but y 6 coefficient would be negative). The metropolitan variable (y 7 ) is included in the market wage equation to account for different labor market conditions and is expected to be positively related to the wage rate. The metropolitan variable (y 7 ) is also included in the marginal product equation because being in a metropolitan area may indirectly affect the transaction cost associated with food production (e.g., access to a grocery store or commuter cost). The direction of the effect is a priori indeterminate as arguments may be made both ways. The variables union (y 8 ), professional (y 9 ), white (y 10 ), and black (y 11 ) are included to control for factors that are recognized as possibly affecting wages and home production. Four variables are included to account for possible spillover effects from family members: being married (z 8 ), whether or not the spouse is employed (z 9 ), child number (z 9 ), and adult number (z 11 ). One important aspect of these variables is the inclusion of the number of children and the number of adults as separate variables. The coefficient on number of family members is often interpreted as a scale effect, however, this assumes the effect of children is the same as the effect of adults. Here we allow for different effects by including two separate variables. As indicated earlier, it is difficult to sign these spillover effects a priori. Of course, the number of hours spent in home production (T H ) is expected to be negatively related to marginal productivity. 
Estimation Results and Time Cost Estimates
The model is a simultaneous system and the specific likelihood function given in the appendix was estimated by maximum likelihood. The estimation results are presented in In particular while an additional year -the significant linear term -increases the female marginal product by about 2.1 percent (recall age is divided by 10), age has no significant impact on the male marginal product. In addition, being in a metropolitan area increases the female marginal product by about 16 percent (i.e., for this discrete variable, e .15 -1), but it has no effect on the male marginal product. An important result to note for future reference is that being married increases the female marginal productivity by about 23 percent, but decreases male marginal productivity by about 6 percent, though this is only significant at the .14 significance level. Stated alternatively, ceteris paribus, being a single female reduces the marginal product by 23 percent. For every additional child under the age of 18, marginal productivity for females increases by 9 percent and for males it increases by 4 percent. This result is interesting in light of the results related to number of adults, where each additional adult decreases female marginal productivity by about 2 percent and male marginal productivity by about 6 percent, though the female result is only significant at the .07 significance level. This suggests that different family members have very different impacts on marginal productivity. Finally and most importantly, the marginal product is decreasing in time and it decreases faster for men than for women. For every additional hour, marginal productivity decreases by about 11 percent for women but by about 17 percent for men.
This result is important to keep in mind because depending on where the marginal product function is evaluated determines the shadow value. Because the marginal product is declining in time and men tend to spend less time in household work than women, it is entirely possible for the male shadow value to be higher than the female shadow value. This of course does not mean their total output is greater.
Using the maximum likelihood estimates, the expected marginal product (i.e.
hourly shadow wage) from the semi-log functional form is Table 4 reports the median estimates for four categories of variables: (i) time input cost, (ii) food input cost, (iii) total food cost, and (iv) time input cost as a percent of total food cost by group and gender. The time input costs estimates are based on the estimated model and the ATUS data. The other three categories of variables require some supplemental data but provide useful insights into the relative importance of the time 8 In contrast to KO, who report expected values at mean explanatory variable levels, the nonlinear nature of (11) and Jensen's inequality implies that it is more appropriate to report a central tendency measure of the expected values within the stated group. We choose to present the median because several of the empirical distributions are skewed.
General Population Profile
input cost in total food production cost. Because all the results are estimates based on food at home production we drop the repetitive terms 'food at home' and 'estimate' in the discussion.
The first three rows of table 4 present the median time in food production, the hourly shadow wage, and the market substitute wage. The median amount of time in food preparation and clean up for females ranges from 0.00 hours per day for those working 
is Food Preparation and Serving Related Occupations (BLS 2006). This value is
not reported by gender. In general the market substitute approach yields a lower hourly wage than the opportunity cost approach, which as Gronau (1986, p. 298 footnote 40) indicates is a common finding.
The fourth row gives the median time input cost based on the opportunity cost approach and is calculated from multiplying the hourly shadow wage estimate (i.e., marginal product) times the number of hours in food production for each individual. We do not estimate costs for Group M because FAH cannot be prepared without some time input. Based on the opportunity cost approach, the median daily time input cost is $6.70
for females working at home and in the market (Group B) and $12.61 for females not working in the market (Group H). The median daily time input cost is $2.37 for men working at home and in the market (Group B) and $4.37 for men not working in the market (Group H). The fifth row gives the median daily time input cost based on the hourly market substitute wage rate and is calculated by multiplying the hourly market wage rate in food production times the number of hours in food production for each individual. The median daily time input cost for females is $3.30 for those working at home and in the market (Group B) and $6.60 for those not working in the market (Group H). For men, the median daily time input cost is $1.32 for both Groups B and H.
Regardless of the method employed, these differences across genders and working conditions reflect the differences in the amount of time allocated to food production by gender and by working conditions. That is, the more time allocated to food production, the higher the time cost, ceteris paribus.
Row six gives an estimate of the median food input cost per day. The ATUS does not collect information on food input expenditures so this estimate is calculated as follows.
The USDA\ERS provides annual estimates of the per capita expenditures on FAH. Rows seven and eight give the median total food cost estimates based on the opportunity cost approach and the market substitute approach, respectively. These estimates are obtained by adding together the time input cost and the food input cost for each individual and calculating the median value. Based on the opportunity cost approach, the daily median total food at home cost is $19.21 for a female working in the home and in the market (Group B) and $23.28 for a female just working at home (Group H). The higher cost for a female working at home indicates that the higher time input cost more than offsets the lower food input cost. For males, the daily median total food at home cost is the same $16.80 regardless of group. Based on the market substitute approach, the daily median total food at home cost is $16.32 for a female working in the home and in the market (Group B) and $16.80 for a female just working at home (Group H). For males, the daily median total food at home cost is $13.68 for a male working in the home and in the market (Group B) and $11.04 for a male just working at home (Group H).
Rows nine and ten give the percentage of total food cost accounted for by the time input cost, again based on the opportunity cost and market substitute approaches. These are the median percentages over all individuals. Based on the opportunity cost method, the daily median percent of total food cost associated with time is 38% for a female working in the home and in the market (Group B) and 57% for a female just working at home (Group H). For males, the daily median percent of total food cost associated with time is 15% for a male working in the home and in the market (Group B) and 31% for a male just working at home (Group H). Based on the market substitute approach, the daily median percent of total food cost associated with time is 24% for a female working in the home and in the market (Group B) and 41% for a female just working at home (Group H). For males, the daily median percent of total food cost associated with time is 7% for a male working in the home and in the market (Group B) and 14% for a male just working at home (Group H). These differences between Group B and Group H again reflect more time allocated to food production in Group H.
Typical Food Stamp Participant Profile
As indicated in the introduction, a criticism of the Thrifty Food Plan used for Food
Stamp allocations is that it ignores food preparation cost. Though the ATUS does not collect data on whether or not the individual is on Food Stamps, the estimated model can also be used to estimate this cost for a typical Food Stamp (FS) participant profile. In general, we find that the time input cost percentage for a typical FS participant that works at home and in the market (Group B) is higher than for the general population. However, for an individual that works solely at home (Group H), the time input cost percentage for a typical FS participant is less than for the general population.
Specifically , table 5 is similar to table 4 , but is based on a typical FS participant demographic profile. According to the large literature review by Gleason, Schochet, and Moffitt (1998) and data published in Cunnygham and Brown (2004) Most importantly, for the typical FS participant, the median percent of total daily food cost attributable to time by the opportunity cost method is 47% for a participant working in the home and in the market (Group B) and 50% for a participant just working at home (Group H). Again, these percentages are lower if the estimates are based on the market substitute approach: 32% for Group B and 39% for Group H.
Comparing these numbers to those in table 4 indicates that for a FS participant working in the home and in the market (Group B), the percentage of food cost attributable to time is higher than for the general population -about 9% higher based on the opportunity cost approach and about 8% higher based on the market substitute approach. For a FS participant not working in the market (Group H), the percentage of food cost attributable to time is lower than for the general population -about 7% lower based on the opportunity cost approach and about 3% lower based on the market substitute approach. These estimates are congruent with Vickery's (1977) argument that individuals working in the market place and at home may be time poor, especially if they are single and female.
Typical Food Stamp Participant Profile with Thrifty Food Plan Values
To get an idea of how much the Thrifty Food Plan (TFP) may cost in terms of time input , table 6 repeats the analysis of table 5 Most importantly, for the typical FS-TFP participant, the median percent of total daily food cost attributable to time by the opportunity cost method is 61% for a participant working in the home and in the market (Group B) and 65% for a participant just working at home. Again, these percentages are lower if the estimates are based on the market substitute approach: 53% for Group B and for Group H.
Comparing these numbers to those in table 4 indicates that for a FS participant working in the home and in the market (Group B), the percentage of food cost attributable to time is much higher than for the general population -about 23% higher based on the opportunity cost approach and about 29% higher based on the market substitute approach. For a FS participant not working in the market (Group H), the percentage of food cost attributable to time is still higher than for the general population -about 8% higher based on the opportunity cost approach and about 12% higher based on the market substitute approach. These estimates suggests that the TFP imposes a high time cost on FS participants and that ignoring this cost will likely reduce the efficacy of the FS program.
Summary and Conclusions
To our knowledge, this research provides the first known estimates of the cost of time in food preparation at home in the United States based on the ATUS. Both the market substitute and opportunity cost approaches are implemented and used to estimate the daily total time input cost in food production at home. These estimates are then coupled with daily food input cost to yield estimates of the total daily cost of food production at home. We consider three demographic profiles to evaluate. For the general population, we find that on average the time input cost accounts for about 35% of total food cost at home based on the opportunity cost approach and about 21% of total food cost at home based on the substitute approach. For a typical Food Stamp Participant profile, we find that on average the time input cost accounts for about 48% of total food cost at home based on the opportunity cost approach and about 35% of total food cost at home based on the substitute approach. And for a typical Food Stamp Participant profile following the USDA Thrifty Food Plan, we find that on average the time input cost accounts for about 63% of total food cost at home based on the opportunity cost approach and about 53% of total food cost at home based on the substitute approach.
The general finding is that the percentage of total food production cost at home attributable to the time input is substantial, which likely provides strong incentives to purchase food away from home and help undermine overall diet quality. Furthermore, these substantial costs likely reduce the efficacy of the Food Stamp program, which ignores the time input cost in food at home production.
As with all research there are caveats to be considered in future research. The ATUS data are a tremendous step forward in terms of time allocation data, but the data are still not ideal and consequently future research on the cost of food at home will need to develop ways to circumvent these limitations without adding to the uncertainty of the results. Three of these were mentioned related to no data on inputs other than time, spousal time spillover, and the designated person perhaps not being the main meal preparer. Along with these issues are the normal caveats related to estimating household production models (see Gronau 1986 for discussion). It is not clear whether addressing these issues would lead to an upward or downward revision of the numbers presented here. The main concern is probably that the estimates are too high. However, even if future research cuts the time cost shares in half, they would still represent a sizable percentage of total cost that may seriously undermine policy options that ignore time cost. 
